MATERIALS AND METHODS

Antibodies
Cell culture and transfection -COS7 and human embryonic kidney HEK 293T cell lines were maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum. PC12 cells were cultured in DMEM containing 10% horse serum and 5% fetal bovine serum. Transfections were performed using FuGene 6 reagent (Roche Molecular Biochemicals, Indianapolis, IN) according to the supplier's instructions. Cells were cultured for 24 h after transfection.
Immunoprecipitation and Western blot -Cells were lysed in a buffer containing PBS with 1% Triton X-100 and a mixture of protease inhibitors (Roche Molecular Biochemicals, Indianapolis, IN). After homogenizing with 20 strokes using a Dounce homogenizer, cells were centrifuged at 100,000 g at 4 °C for 30 min. The soluble and insoluble fractions were used in Western blots for FLAG, α-synuclein and synphilin-1.
The Triton X-100 insoluble pellets were dissolved in a buffer (PBS plus 1% Triton X-100, 1% SDS) containing a mixture of protease inhibitors (Roche Molecular Biochemicals). After centrifugation, supernatant was diluted in 10X volume of the same buffer lacking SDS. Immunoprecipitations were performed with agarose-conjugated anti-FLAG (M2) (Sigma, St. Louis, MO) followed by washing with lysis buffer four times.
Immunoprecipitates or total cell lysates were analyzed by Western blots using mouse anti-ubiquitin antibody (P4D1) (Santa Cruz, Santa Cruz, CA) with ECL detection reagent (NEN, Boston, MA). 
RESULTS
To investigate the molecular properties of Parkin, cDNA constructs were used to transiently over-express this protein in cell lines. HEK 293T cells transfected with Nterminally FLAG-tagged Parkin expressed a high molecular weight complex (HMW) of Parkin detected in the Triton X-100 insoluble fraction as well as monomeric Parkin detected in both Triton X-100 soluble and insoluble fractions on Western blots (Fig. 1A) .
Expression of FLAG-Parkin in COS-7 cells reproduced this finding (data not shown).
Similarly, the expression of non-tagged Parkin in PC12 cells also led to the formation of II and the trans-Golgi network marker γ-adaptin ( Fig. 2A and B), as reported previously in both human brain tissue and cell lines (25, 26) . We also found Parkin to be colocalized with the endoplasmic reticulum (ER) marker BIP/GRP78 (27) (Fig. 2C ) and the lysosomal marker LAMP-1 (28) (Fig. 2D) . Additionally, several small spherical inclusions were detected throughout the cytoplasm in some cells ( immunoreactivity with the Golgi marker Mannosidase II (29) . Notably, the presence of these inclusions disrupts the normal morphology of the Golgi complex (Fig. 3C ). We also investigated whether ubiquitin is present in these peri-nuclear, Parkin-containing inclusions. To this end, COS-7 cells were transiently co-transfected with FLAG-Parkin cDNA together with a plasmid encoding HA-tagged ubiquitin followed by treatment with MG-132 for 15 h. Double immunofluorescence microscopy revealed that the majority of FLAG-positive inclusions co-localize with HA immunoreactivity (Fig. 3D) The large peri-nuclear inclusions containing Parkin had marked similarities to structures, termed aggresomes, formed by other proteins (27, 28, (30) (31) (32) . Over-expression of certain proteins or inhibition of proteasome activity in cells expressing these proteins leads to the accumulation of stable, high molecular weight, detergent-insoluble and multiubiquitinated aggregates in a large structure located peri-nuclearly on one side (24) .
Other characteristic features of the aggresome include its formation at the centrosome/ microtubule organizing center (MTOC). To assess whether peri-nuclear Parkin aggregates are similar in structure to aggresomes, additional co-localization studies were 4D ). Additionally, these inclusions are quite stable as they persist after an 8 hour washout of MG-132 (Fig. 4E) . Taken together, these observations indicate that the perinuclear inclusion containing Parkin has structural characteristics of an aggresome. The proteasome complex is involved in the degradation of incompletely folded or misfolded proteins. In the case of mutant huntingtin and GFP-250, proteasome subunits have been detected in their respective aggresomes (27, 30) . Additionally, proteasome subunits are found in Lewy bodies of PD (4). To investigate whether Parkin containing aggresomes also recruit the proteasome, we analyzed the distribution of the 20S proteasome α-subunit. As expected, we found co-localization of the α-subunit with Parkin within aggresomes (Fig. 5A) , supporting previous reports that the proteasome is involved in Parkin degradation (8, 21) .
Molecular chaperones interact with aggregation-prone proteins and facilitate their refolding or degradation (36) . Hsp70, for example, has been shown to be recruited to the centrosomal locus upon inhibition of proteasomal function (37) . Because aggresomes contain misfolded proteins destined for degradation, it is likely that such proteins could be complexed with chaperones. To investigate whether chaperones are associated with Parkin aggresomes, the distribution of Hsp70 and its co-chaperone, Hsp40, was examined. These chaperones were detected in the periphery of the aggresome forming a ring around Parkin immunoreactivity (Fig. 5B, C) , similar to the staining pattern of vimentin (Fig. 4D) . Interestingly, Hsp70 and Hsp40 were recently found in Lewy bodies of PD brains and in neuronal inclusions of α-synuclein transgenic Drosophila (38) . We also analyzed the localization of BIP/GRP78, an ER resident chaperone, within Parkincontaining aggresomes. Compared with its staining pattern in the absence of MG-132 (Fig. 2C) , BIP/GRP78 redistributed to aggresomes in proteasome inhibitor treated cells and co-localized with Parkin in the halo (Fig. 5D ).
by guest on http://www.jbc.org/ Downloaded from α-Synuclein is a major constituent of Lewy bodies (7), some of which also contain Parkin (9,39). These findings prompted us to examine the presence of α-synuclein in Parkin aggresomes. α-Synuclein immunoreactivity was found localized primarily in the periphery of the aggresomes around Parkin aggregates (Fig. 6A) . A halo-like staining for α-synuclein has also been observed in Lewy bodies (9, 40) . Synphilin-1, originally identified as an α-synuclein interacting protein (41) and found in Lewy bodies (42), also interacts with and is ubiquitinated by Parkin (20) . We detected synphilin-1 immunoreactivity in peri-nuclear aggresomes co-localizing with Parkin (Fig. 6B) .
However, the staining pattern for synphilin-1 is somewhat different from that of α-synuclein. While α-synuclein is concentrated mainly in the periphery, synphilin-1 is located in the entire aggresome structure covering the core, consistent with a previous observation that synphilin-1 is concentrated primarily in the dense core of Lewy bodies were immunostained with anti-FLAG antibody (green) and ubiquitin (red). Arrows point to inclusions. Pre-adsorption with FLAG peptide at a concentration of 100 µg/ml was used as negative control and verified the specificity of Parkin staining (data not shown).
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